Introduction
Nowadays, food is produced and distributed in a global market, leading to stringent legislation and regulation for food quality in order to protect consumers and to ensure fair trade. Food safety has emerged as an important global issue along with international trade and public health implications. In response to an increasing number of food-borne illnesses, governments all over the world are intensifying their efforts to improve food safety. The global incidence of food-borne illnesses is difficult to estimate. A great proportion of these cases can be attributed to contamination of food and drinking water.
Nitrofurans (NFs) are broad-spectrum antibacterial drugs that are effective in the treatment of protozoan and bacterial infections in both humans and animals, including chicken, turkey, swine, cattle, shrimp, and fish.
1 Furazolidone (FZD), furaltadone (FTD), nitrofurazone (NFZ) and nitrofurantoin (NFT) are among the most commonly misused nitrofurans. NFs are used as veterinary drugs, added to feeds in order to prevent some protozoan and bacterial infections, including fowl cholera and swine enteritis. Despite their therapeutic values, NFs have been shown to be both mutagenic and carcinogenic. 2 For this reason, many countries, including the United States, 3 have banned the use of NFs in food-producing animals. In spite of the ban, NFs continue to be of regulatory concern, since many countries have detected NFs residues in their imported food products. 4 Due to the absence of a maximum residue limit (MRL) of nitrofurans, their presence at any concentration in animal feed can violate the law. 5 Thus, the analysis and measurement of NFs in foods are still required as important issues in food safety.
Several methods have been established to determine some of the NFs and metabolites contained in the feeds, water or food derived from animals, using thin-layer chromatography (TLC), 6 enzyme immunoassay (EIA), [7] [8] [9] liquid chromatography (LC), [10] [11] [12] [13] [14] [15] [16] liquid chromatography-mass spectrometry (LC-MS) [17] [18] [19] and liquid chromatography-tandem mass spectrometry (LC-MS/ MS). [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] However, these methods suffer from materials and are time consuming, since large amounts of organic reagents and many operation steps are often required. Recently, owing to its high resolving power, low solvent consumption and simple pretreatment, capillary electrophoresis (CE) has been used as an attractive method for the analysis of food safety. [30] [31] [32] [33] [34] Microemulsion electrokinetic chromatography (MEEKC) is a relatively new variant of CE, which accomplishes electrokinetic separations using buffers containing surfactant-coated oil droplets. MEEKC offers advantages over micellar electrokinetic chromatography (MEKC) for the simultaneous separation of compounds with a wide range of solubilities, and it also shows a better performance in resolving charged and neutral solutes simultaneously compared of capillary electrochromatography (CEC). Although Wickramanayake et al. 35 reported the analysis of four NFs and their metabolites using micellar electrokinetic chromatography (MEKC), they have not detected real samples, and the migration time was higher than 14 min. As mentioned above, MEEKC offers advantages over micellar electrokinetic chromatography (MEKC); therefore, the aim of this work was to develop a fast, simple, and economic MEEKC method for the identification and determination of the above-mentioned four NFs in turbot fish for regulatory food safely testing purposes. 
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Apparatus and conditions
An Agilent 3D CE system with a diode array detector (DAD) (Agilent, USA) was employed for all experiments in this study. Also, 50 mm ID fused silica capillaries (Yongnian Inc., Hebei, China) with a total length of 35 cm (30 cm to the detector) were utilized for MEEKC analysis, and the temperature was maintained at 25˚C. The other operating conditions were as follows: applied voltage, 30 kV; DAD UV detection at 365 nm. Samples were loaded by pressure injection at 50 mbar for 5 s.
The capillary was conditioned daily by purging first with 0.5 M NaOH (10 min), then with deionized water (4 min), and finally with a running buffer (4 min). Between consecutive analyses, the capillary was flushed with the running buffer (2 min) in order to improve the migration time and the peak shape reproducibility.
Materials and reagents
The turbot fish was procured from a market in Qingdao, China. The furazolidone (FZD, pKa 4.9), furaltadone (FTD, pKa 5.0), nitrofurazone (NFZ, pKa 10.0) and nitrofurantoin (NFT, pKa 7.2) were obtained from Sigma, America, where the values of pKa were for the conjugate acids of NFs. All chemicals were of analytical-reagent grade from Beijing Chemical Factory (Beijing, P. R. China); pure water prepared through a 0.45 mm syringe filter was used for all buffer solution.
The microemulsions were prepared by weighing 0.82 g octane, 6 .48 g butan-1-ol, 3.48 g SDS and 89.27 g of 10 mM sodium tetraborate buffer to a 100 mL volumetric flask. This was then sonicated for 30 min until a clear and stable micromulsion was obtained. HCl or NaOH was used to adjust the value of the pH of the buffer to the desired value. All of the running buffers were prepared daily and, prior to use, filtered through a 0.45-mm filter to remove particulate matter, and degassed in an ultrasonic bath. A standard solution of 1000 mg/ml of each NFs was prepared in 30% acetonitrile, stored at 4˚C in the dark and then diluted to the desired concentration prior to use.
Sample preparation
The frozen muscle of turbot fish was powdered, and prepared as described in a literature procedure 36 with some modifications. A 20-g powdered sample was homogenized in 40 ml acetonitrile containing 10 g of Na2SO4, then extracted for 10 min in an ultrasonic bath and centrifuged at 5000 r/min for 5 min at room temperature. The extract was transferred to a 250 ml globeshaped funnel and extracted three times with 25 ml hexane. The hexane was discarded and the extract was concentrated under reduced pressure, and then the residue was dissolved using 0.5 ml of 30% acetonitrile. The solution was passed through a 0.45 mm filter, and injected directly into the capillary electrophoresis system.
Results and Discussion
Influence of CE mode
At the beginning of this work, a 10 mM sodium tetraborate buffer (pH 9.70), 10 mM sodium tetraborate buffer (pH 9.70) containing SDS 3.48% (w/w) and 10 mM sodium tetraborate buffer (pH 9.70) containing octane 0.82% (w/w), SDS 3.48% (w/w), butan-1-ol 6.48% (w/w), respectively, were used as running electrolytes. However, it was difficult to obtain baseline separation when the mode of CZE and MEKC were evaluated. In MEEKC, the octane can reduce the surface tension between the two liquid layers, and the butan-1-ol can increase the affinity of the analytes between the SDS monomers. Thus, MEEKC has advantages for the separation of compounds with a wide range of solubilities and higher analysis selectivity in contrast to MEKC. Therefore, a further study was focused on the evaluation of MEEKC.
Influence of the buffer pH
To verify the effect of the buffer pH on the migration behavior, experiments were performed using the running buffers: 10 mM borate with different pH (8.20 -10.20) containing octane 0.82% (w/w), SDS 3.48% (w/w), and butan-1-ol 6.48% (w/w). Usually, the buffer pH is a very important parameter controlling the electroosmotic flow (EOF) and the ionization degree of each analyte. Also, it has a great effect on the degree of dissociation of the solutes and their solubility in the microemulsion. As can be seen from Fig. 2 , the migration times of the four NFs decreased with an increase of the pH from 8.20 to 9.70. Although the migration times should be enlarged due to a decrease of the net charges with the pH increase, the greater EOF at higher pH values result in greater mobilities of the analytes. Figure 2 also indicates that the migration time increased when the pH was higher than 10.20. This was perhaps due to a smaller ionization degree and positive charges of the NFs at higher pH. pH 9.7 was considered to be the best value for the running microemulsion conditions. Consequently, pH 9.7 was then selected as the preference pH for further optimization.
Influence of the SDS concentration
The effect of the SDS concentration was evaluated over the 2.32 -4.64% (w/w) concentration range (80 -160 mM), using 0.82% (w/w) of octane, 6.48% (w/w) of butan-1-ol and 10 mM sodium tetraborate buffer (pH 9.7). The migration time of four analytes increased slightly with an increase in the concentration of SDS. Higher concentrations of SDS increase the retention factor of neutral or cationic compounds, due to increased charge density on the oil droplets.
Increasing the surfactant concentration also increases in interaction between analytes and SDS micelles, which reduces the analysis time. However, the resolutions of FZD and FTD first increased and then decreased with an increase of the SDS concentration. These effects of SDS are illustrated in Fig. 3 . The best resolution was achieved at 3.48% SDS. 
Influence of the octane concentration
In MEEKC, the oil droplets are coated with a surfactant to reduce the surface tension between the two liquid layers, which allows an emulsion to form. Thus, the concentration of oil droplets is an important parameter controlling the analysis selectivity. In the present application, the concentration of octane was investigated between the 0.27 -1.35% range using 3.48% (w/w) of SDS, 6.48% (w/w) of butan-1-ol and 10 mM sodium tetraborate buffer (pH 9.7). The effects of the choice of oil on the separation of ingredients were examined, as shown in Fig. 4 . It can be seen, along with the increase of the concentration of octane, that the migration time of the analytes increased. However, the resolutions of FZD and FTD first increased, and then decreased with an increase in the concentration of octane. In terms of the resolution, the analysis times and the peak shape, 0.82% octane was chosen as the optimum condition.
Influence of the butan-1-ol concentration
In MEEKC the role of organic modifiers is to make the solution more efficient for separation. When a short-chain alcohol, such as butan-1-ol, is used, they affect the polarity, viscosity and density of the electrolyte, and thus increasing the affinity of the analytes between the SDS monomers. Thus, the butan-1-ol concentration is an important parameter for controlling the analysis selectivity. The effect of the butan-1-ol concentration was evaluated over 3.24 -9.72% (w/w), using 0.82% (w/w) of octane, 3.48% (w/w) SDS and 10 mM sodium tetraborate buffer (pH 9.7). These effects of butan-1-ol are illustrated in Fig. 5 . In this MEEKC study, the increase in the butan-1-ol concentration in the microemulsion solutions increased the migration of the test compounds. The resolution of the analytes first increased, and then decreased with an increase of the concentration of butan-1-ol. The best resolution was achieved at 6.84% butan-1-ol. From the above results, the best condition was obtained: an electrolyte containing 10 mM borate (pH 9.70) with octane 0.82% (w/w), SDS 3.48% (w/w), butan-1-ol 6.48% (w/w), with 30 kV as the applied voltage. Figure 6 shows CE chromatogram of a mixture of four NFs.
Calibration graphs for the four NFs
Calibration graphs (peak area, y, vs. concentration, x (mg/ml)) were constructed in the 15 -300 mg/ml range for FZD, 1.5 -100 mg/ml for FTD, 1.0 -140 mg/ml for NFZ and 10 -425 mg/ml for NFT. The regression equation of these curves and their correlation coefficients were calculated as fellow: FZD, y = 0.45x 
System suitability test
The method was validated for the reproducibility of the migration time and the peak area of the analytes. The relative standard deviations (RSD) of the migration time and the peak area of each peak were determined for six replicate injections. The intra-day reproducibility (n = 6) of the migration time and the peak area of the analytes were lower than 1.84 and 3.53% of RSD, respectively. The inter-day reproducibility (n = 6) of the migration time and the peak area of the analytes were lower than 5.16 and 6.85% of RSD, respectively. The accuracy of the method was determined by adding three different amounts of the analytes (10, 50 and 100 mg/ml) to the extract of turbot fish. The recoveries of FZD, FTD, NFZ and NFT were 94.6 -98.7%, 90.6 -102.4, 96.7 -104.5 and 91.6 -100.3%, respectively.
Determination of the NFs in the extract of turbot fish
A 30% acetonitrile solution of an extract of the turbot fish was injected directly and separated under the optimum condition, mentioned above. The electropherograms are shown in Fig. 6 . The analytical results showed that the content of FTD in the contaminated fish was 20.2 mg/kg, and FTD, NFZ and NFT were not detected.
In conclusion, the results demonstrate that the proposed MEEKC method is very suitable for the fast determination of NFs in the extract of the turbot fish. This work also shows that HPCE is a powerful technique to study NFs in the complex extract of the food derived from animals.
